EXPERIMENTAL
Preparation of Hollow Metal-Dopamine Nanoparticles (Z8D)
10 mg of ZIF-8 (size around 60 nm) was dispersed in a mixed solution of ethanol (20 mL) and water (15 mL) under ultrasonication. Dopamine (40 mg) was then added into above mixture solution with magnetic stirring. After stirring for 5 min, 10 mL of aqueous solution of Tris(hydroxymethyl)aminomethane (25 mM) was added. The reaction proceeded under magnetic stirring for 24 h at room temperature. The sample was washed by centrifugation with deionized water and ethanol three times and finally dried in vacuum at 60 °C overnight.
The obtained product was denoted as Z8D.
Preparation of hollow carbon structures
The resulting Z67D powder was heated to 600 °C, 700 °C and 800°C at a rate of 5 °C/min and maintained at these temperatures for 3 h. After cooling down to room temperature, the resulting powder was mixed with HCl (2 M) at room temperature under stirring for 12 h to remove the unconjugated cobalt. After centrifugation and washing with water for several times, Co/CoN x hollow carbon structures were obtained after dried at 60 °C overnight.
The resulting Z8D powder was heated to 900 °C at a rate of 5 °C/min and maintained at these temperatures for 3 h. The N doped hollow carbon structures were obtained after powder cooling down to room temperature.
Characterization
Scanning electron microscopy (SEM) images were carried out on a FEI Magellan 400 field emission scanning electron microscope operating at 5 kV. The transmission electron microscopy (TEM) images were taken by FEI Tecnai G2 T20 and the elements mapping is acquired by Scanning Transmission electron microscopy (STEM) on FEI Tecnai G2 F20 FEGTEM operated at an accelerating voltage of 200 kV. Nitrogen sorption isotherms were measured at 77 K with a Micromeritic Tri Flex surface characterization analyzer. Before measurements, the samples were degassed in vacuum at 180 °C for at least 8 h. Powder X-ray diffraction (XRD) patterns were carried out on a Miniflex 600 diffractometer (Rigaku, Japan) in transmission geometry equipped with Cu Kαradiation (15 mA and 40 kV) at a scan rate of 2° min −1 and a step size of 0.02°. Samples were ground with KBr and pelletized for analysing by Fourier transform infrared spectra (FTIR) spectrophotometer (PerkinElmer Spectrum 100, USA). X-ray photoelectron spectroscopy (XPS) experiments were carried out on a Kratos AXIS Ultra DLD system with Al Kα radiation as an X-ray source for radiation. The total surface area and pore volume were calculated by using Brunauer-Emmett-Teller (BET) method and Density functional theory (DFT) method, respectively.
Electrochemical method
All electrochemical measurements including cyclic voltammetry (CV) and linear scan voltammogram (LSV) were carried out by using a μAutolab electrochemical analyzer in a conventional three-electrode electrochemical cell at room temperature. A Pt wire and a saturated Ag/AgCl (saturated with 3 M KCl) were used as counter electrode and reference electrode, respectively. All potentials refer to the reversible hydrogen electrode (RHE).
Rotating disk glassy carbon electrode (5 mm diameter, 0.196 cm 2 ) served as the substrate for working electrode to evaluate the ORR activity.
The catalyst ink was prepared by dispersing 10 mg nanocatalyst materials (or commercial where J is the measured current density; J K and J L are the kinetic and diffusion-limiting current densities, respectively, ω is the angular velocity of the disk, n is transferred electron number, F is the Faraday constant (96485 C mol -1 ), C 0 is the bulk concentration of O 2 (1.2×10 -6 mol cm -3 ), D 0 is the diffusion coefficient of O 2 in 0.1 M KOH (1.9×10 -5 cm 2 s -1 ), and ν is the kinematic viscosity of the electrolyte (0.01 cm 2 s -1 ).
Figures S1-22
Figure S1. SEM images of ZIF-67 and Z67D. Figure S22a shows the three types of nitrogen of N1s in Z8D-900. Nitrogen doping and its high surface area gives Z8D-900 more active sites and rapid transportation of ORR-relevant species, which means high ORR electrocatalytic activity. As show in Figure S22b , its onset potential is around 0.86 V, which is almost as good as Pt/C, even without metal doping. The electron transfer number, calculated from the LSV curves by using K-L equation in Figure   S22c , is around 4. This value indicates ideal four-electron reaction pathways for the direct reduction of O 2 to OHinstead of HO 2on the electrode. The stability of Z8D-900 was also assessed in Figure S22d .
